Abstract. Using platelet derived growth factor B chain (PDGF-BB) as the model analyte, a structure-switching hairpin probe based electrochemical biosensing strategy for highly sensitive detection of protein is proposed in this work. Aptamer probe hybridized with the immobilized hairpin structured signal probe to form DNA duplex. Upon binding with target protein, competition between target molecule and the signal probe with the aptamer probe happened, inducing the signal probe from stretched duplex to hairpin structure. Under optimum experimental conditions, the target protein can be sensitively detected in a linear dynamic range from 0.1 ng/mL to 500 ng/mL with a low detection limit of 0.08 ng/mL.
Introduction
Traditionally, antibody-antigen specific reaction based immunoassay is the main analysis technique for protein. However, due to the inherent drawbacks such as the weak stability for preserving of antibody and the long term for synthesis, the application of immunoassay technique is limited to some extent [1, 2] . Recently, a new class of recognition element for proteins named aptamer has been widely studied due to its numerous advantages such as good stability, simple synthesis, easy labeling and high affinity and specificity when binding with targets [3] . Lots of aptamer based biosensing methods have been delevoped including colorimetric, fluorescent, electrochemical, and so on [4] [5] [6] [7] [8] . Thereinto the electrochemical strategies have attracted the most attention because of their numerous merits including high sensitivity, low cost, small dimensions and compatibility with microfabrication technology [9, 10] .
In the proposed work, a structure-switching hairpin probe based electrochemical biosensing strategy was developed for highly sensitive detection of proteins using PDGF-BB as the model analyte. Fabrication and detection principle of the electrochemical aptasensor are shown in Figure 1 . The sensing interface was fabricated by firstly self-assembling 5'-mercapto modified signal probe on the gold electrode followed by blocking with 6-mercaptohecanol and hybridizing with the aptamer probe. By measuring the ac current voltammetry, the target protein could be sensitively detected with 5th International Conference on Advanced Design and Manufacturing Engineering (ICADME 2015) a low detection limit as well as a wide linear dynamic range. The experimental conditions were optimized, and the performance features such as reproducibility and stability were also evaluated.
Materials and Methods
Materials. Oligonucleotides utilized in this study were all synthesized by Sangon Biotechnology Co., Ltd.
(Shanghai, China). The sequence of aptamer probe was CAGGCTACGGCACGTAGAGCATCACCA TGATCCTG (5'-3'), and the sequence of signal probe was SH-CGACTGTTTTGATGCTCTACGTAC TGGCAGTCG-Ferrocene (5'-3'). PDGF-BB, PDGF-AA, PDGF-AB, IgG, BSA and Tris were all obtained from Dingguo Biotechnology Co., Ltd. (Changsha, China). Tris-HCl buffer (10 mM Tris, 0.3 M NaCl, 5 mM MgCl 2 , pH 7.8) was used as stock solution and working solutions. Deionized and sterilized water was used throughout the experiments. All other chemicals were of analytical reagent grade and used as received.
Fabrication of the aptasensor. Firstly, the gold electrode was pretreated according to reference [8] . Then, 20 µL of signal probe solution was dipped onto the gold electrode to self-assemble for 2 h followed by blocking with 20 µL of 5 mM 6-mercaptoethanol solution for 15 min to inactivate the nonspecific sites. Finally, 20 µL of aptamer solution was dropped on the electrode surface to hybridize 1 h and the sensing interface was fabricated.
Electrochemical measurements. All electrochemical measurements were carried out in a self-made measuring cell at ambient temperature using a CHI 660E electrochemical workstation (Chenhua Instruments, China). A conventional three-electrode system was used: a gold electrode of interest as working electrode, a saturated calomel electrode (SCE) as reference electrode, and platinum foil as auxiliary electrode. Cyclic voltammetry (CV) was implemented in 5 mL of 10 mM PBS (pH 7.4) containing 5 mM Fe(CN) 6 3-/Fe(CN) 6 4-and 0.1 M KCl at a scan rate of 100 mV/s. For target protein detection, 20 µL of PDGF-BB solution with a certain concentration was placed onto the sensing interface to incubate for 1 h. After rinsing with the stock buffer, AC voltammogram was performed in 1M NaClO 4 at a frequency of 1 Hz, and the peak current was used to evaluate the response characteristics of sensing interface.
Results and discussion
Influence of reaction temperature. The reaction temperature directly influenced the sensor fabrication from three aspects: the hybridization reaction between hairpin signal probe and aptamer probe, the melting of hairpin signal probe and the activity of protein. In order to investigate the effect of reaction temperature on the analytical performance of the proposed sensor, 20 µL of 500 ng/mL PDGF-BB was placed on the sensing interface and allowed to incubate at a certain temperature for 1h, and the results was shown in Fig. 2A . The change of peak current (ΔI peak , defined as I 0 -I where I 0 was the peak current before reacting with target protein and I was the peak current after reacting with target protein) increased gradually and tended to maximum at about 37 ℃. When the reaction temperature increased continuously, the peak current decreased sharply due to the fact that relatively high reaction temperature would induce dehybridization of the duplex and inactivation of the target protein. In order to get the highest response current, all of the experiments were carried out at 37 ℃ except stated otherwise.
Effect of incubation time. The incubation time also influenced the analytical performances of the presented electrochemical aptasensor. In order to optimize the incubation time, 20 µL of 500 ng/mL target protein was dropped on the electrode surface. The specific reaction was allowed to maintain for different periods of time and the results was shown in Fig. 2B . The change of peak current increased gradually with the augment of incubation time and then tended constant when the reaction time was more than 60 min since the reaction equilibrium was reached. Therefore, 60 min was chosen as the optimum incubation time in following experiments to ensure the completeness of the reaction. 
Specificity and reproducibility.
A successful biosensor should not send out false positive or false negative signals in practical application, therefore high selectivity is of significant importance. To evaluate the specificity of the presented sensor, several proteins (1 µg/mL PDGF-AA, 1 µg/mL PDGF-AB, 1 mg/mL IgG and 10 mg/mL BSA) were investigated and the results was shown in Fig. 3C . Compared with more than 90 nA generated from the specific reaction of aptamer probe with 500 ng/mL PDGF-BB, the current responses initiated from other four proteins were very small, indicating that high selectivity was achieved. To evaluate the reproducibility of the proposed aptasensor, three repetitive measurements for each sample was performed and the maximum value of the relative standard deviations was 7.9%.
Conclusions
In this contribution, a highly sensitive electrochemical aptasensor for protein detection was proposed based on structure switching of aptamer probe and hairpin signal probe using PDGF-BB as the model analyte. Under the optimized experimental conditions, the target protein could be sensitively detected in a relative wide linear detection range from 0.1 to 500 ng/mL with a detection limit of 0.08 ng/mL. Moreover, the presented biosensor exhibited high selectivity and good stability, making it a potential alternative for protein detection.
